We have generated MLi002-A, a new induced pluripotent stem cell (iPSC) line derived from keratinocytes of a skin punch biopsy of a female patient with the severe epidermolysis bullosa simplex Dowling-Meara phenotype and the keratin K5 E475G mutation. Keratinocytes were reprogrammed using non-integrating Sendai virus vectors, and xeno-free culture conditions were used throughout. The characterization of MLi002-A cell line consisted of molecular karyotyping, mutation screening using restriction enzyme digestion and Sanger sequencing, and testing of the pluripotency and differentiation potentials by immunofluorescence of associated markers both in vitro and in vivo. This is the first iPSC model of EB Simplex.
Induced pluripotent stem cell (iPSC) line from an epidermolysis bullosa simplex patient heterozygous for keratin 5 E475G mutation and with the Dowling Meara phenotype 
A B S T R A C T
We have generated MLi002-A, a new induced pluripotent stem cell (iPSC) line derived from keratinocytes of a skin punch biopsy of a female patient with the severe epidermolysis bullosa simplex Dowling-Meara phenotype and the keratin K5 E475G mutation. Keratinocytes were reprogrammed using non-integrating Sendai virus vectors, and xeno-free culture conditions were used throughout. The characterization of MLi002-A cell line consisted of molecular karyotyping, mutation screening using restriction enzyme digestion and Sanger sequencing, and testing of the pluripotency and differentiation potentials by immunofluorescence of associated markers both in vitro and in vivo. This is the first iPSC model of EB Simplex.
Resource 
Resource utility
This is the first iPSC line generated from any EB Simplex patient (Chamcheu et al., 2010) . A library of human iPSC lines with KRT 5 and 14 gene mutations can be used in basic studies of disease mechanism and protein function and to engineer highly specific in vitro 3D skin models (Petrova et al., 2014) for drug discovery purposes of new potential therapies for EBS.
Resource details
Epidermolysis bullosa simplex is a hereditary skin fragility disorder with a predominantly autosomal dominant mode of inheritance. layer of skin and oral mucosa. Several hundred mutations have been reported, which in majority affect the hot-spot areas of the KRT5 and KRT14 genes that encode the 1A and 2B helical domains of the protein (Szeverenyi et al., 2008) . In this study we have reprogrammed epidermal primary keratinocytes obtained from a skin biopsy of a patient with the K5 E475G mutation and the severe Dowling-Meara phenotype. The resulting iPSC cells were generated using a protocol established previously (Miere et al., 2016) .
The four Yamanaka factors (OCT4, SOX2, KLF4, c-MYC) were delivered through non-integrating Sendai virus (SeV). Four weeks posttransduction, colonies with ES-like morphology appeared. These were subsequently manually picked and pooled to establish feeder-free iPSC cells (Fig. 1A) . After ten passages, the absence of SeV vectors was confirmed in the resulting MLi002-A cell line by RT-PCR using specific primers (Fig. 1B) . In order to also verify that the K5 p.E475G (c.1424A > G) mutation was retained, the iPSCs were screened with restriction enzyme digestion followed by Sanger sequencing (Fig. 1C) .
Endogenous expression of pluripotency-associated protein markers was established by double immunofluorescence staining ( The differentiation capacity of the MLi002-A cells into three germ layers was determined by specific immunofluorescence staining of TUBB3 (neurons, ectoderm), AFP (liver, endoderm), ACTA2 (cardiac muscle, mesoderm) in vitro (Fig. 1E) . All three germ layers (ectoderm, mesoderm and endoderm) were also present in the in vivo teratoma formation assay, as demonstrated by immunohistochemistry of resulting teratomas (Fig. 1F) . The genomic integrity of the MLi002-A iPSC line was tested after thirteen passages, which showed a normal female karyotype (46, XX) with some rare copy number variants (submitted in the archive with journal). For information on reagents see Table 1 . Our data proves that we have successfully produced a stable EB Simplex specific iPSC line that can be a powerful tool for: 1) developing the first 3D in vitro EBS-human skin equivalents (HSE); 2) deciphering the molecular mechanisms of the disease; 3) innovative drug screening platform for epidermolysis bullosa simplex.
Materials and methods

Epidermal keratinocytes reprogramming
Patient keratinocytes of passage 3 were transduced with genome integration-free SeV virus kit (CytoTune 2.0, Life Technologies) as described (Miere et al., 2016) . The iPSCs under feeder-free culture conditions were maintained on Matrigel (BD Biosciences) in TeSR2 medium (STEMCELL Technologies).
KRT mutation verification
Genomic DNA was extracted from MLi002-A cells and a normal control sample using DNeasy Blood & Tissue Kits (Qiagen). Samples Fig. 1 . Characterization of the MLi002-A line. A, Colonies display typical morphology of pluripotent stem cells under feeder-dependent and feeder-free conditions. B, The absence of a 181 bp positive SeV band at P10 (passage 10) of culture in contrast to its presence at P2, indicates that at P10 the MLi002-A cells are SeV free. The amplified 455 bp band for β-actin serves as an internal PCR control. C, The MLi002-A line is heterozygous for the c.1424A > G mutation in KRT5, as indicated both by BseY1 restriction enzyme digestion as well as Sanger sequencing of cloned PCR products encompassing exons 6 and 7 of KRT5. The mutation generates a new BseY1 site in the mutant allele. Consequently the PCR product of 948 bp is cut in the case of MLi002 DNA, resulting in two bands: the uncut wild type allele of 948 bp, and a smaller band of 880 bp that corresponds to the cut mutant allele. The wild type (WT) control PCR sample remains uncut after BseY1 digestion. DNA from a normal control is used as a negative control. D, Pluripotency markers. iPSC colonies are positive for NANOG (red), POU5F1 (red), TRA-1-81 (green), and TRA-1-60 (green) pluripotency markers. E, Spontaneous differentiation in vitro. MLi002 cells can differentiate into all three germ layers as demonstrated with markers specific for ectoderm (TUBB3), endoderm (AFP) and mesoderm (ACTA2). Nuclei are labeled with Hoechst 33342. F, Spontaneous differentiation in vivo. Gross anatomy and staining for human-specific MTCO2 marker iPSC indicated that the teratoma is incapsulated and did not invade surrounding tissues. The teratoma contains cells belonging to all three germ layers, as demonstrated by positive staining for markers specific for ectoderm (TUBB3, GFAP), endoderm (AFP, GATA4) and mesoderm (DESMIN). Kolundzic, et al. Stem Cell Research 37 (2019) 101424 Table 2 Reagent details. Kolundzic, et al. Stem Cell Research 37 (2019) 101424 were verified independently by PCR amplification and restriction enzyme digestion, as well as Sanger sequencing using primers described in Table 2 . A 948 bp long sequence was amplified, which contains also exons 6 and 7 of KRT5, sequencing was provided by the Center for functional genomics and biochips (Ljubljana, Slovenia). The mutation K5 E475G creates a new BseY1 site, which cuts the mutant but not the WT allele.
Reverse transcription PCR analysis of SeV vectors
After 10 passages, total RNA was isolated from iPSC cells, while the transduced cell pool at passage 2 was used as positive control (RNeasy Mini Kit, Qiagen). SeV specific primers were used to assess the presence of remaining Sendai virus vectors (Table 2) . RT-PCR for the detection of Sendai transgenes was carried out using the SuperScript IV First-strand cDNA synthesis reaction kit (Invitrogen).
Alkaline phosphatase activity
Emerging iPSCs were analyzed for alkaline phosphatase activity by AP Live Stain (Thermo Fisher). After live staining, iPSCs were washed and fixed, and cytoskeletal actin filaments have been contrasted by labelling with rhodamine phalloidin (Molecular Probes).
Pluripotency markers
The pluripotency status of MLi002-A cell line was evaluated by double immunofluorescence staining (Table 1) , as previously described (Ilic et al., 2012) .
Spontaneuous differentiation into three germ layers
To test the differentiation capacity of our iPSC line, in vitro embryonic body formation and in vivo conventional teratoma assay were performed (Table 1) , using previously described protocols (Ilic et al., 2012; Petrova et al., 2014) .
Molecular karyotyping
Array comparative genomic hybridization (CGH) and short tandem repeat (STR) analysis of 17 STR loci were performed by the Viapath Genetics Centre, Kings College London, UK.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.scr.2019.101424.
